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i.org/1Surgery (SYNTAX) score based on angiographic scoring system was developed in patients
with previous coronary artery bypass grafting (CABG), few data exist regarding its prog-
nostic utility in patients undergoing percutaneous coronary intervention (PCI). We
examined 272 patients with previous CABG (217 men; mean age, 70.4 – 9.7 years) un-
dergoing PCI. Severity of the coronary anatomy was evaluated using CABG-SYNTAX
score. The primary end point of this study was cardiovascular death. The baseline
CABG-SYNTAX score ranged from 2 to 53.5, with an average of 26.0 – 10.2. In the index
procedures, PCI for the native coronary accounted for nearly all patients (88%). During
follow-up (median 4.1 years), 40 cardiovascular deaths had occurred. In multivariate
analysis, age >75 years (hazard ratio [HR] 2.82, 95% CI 1.45 to 5.52), left ventricular
ejection fraction <40% (HR 2.99, 95% CI 1.39 to 6.07), end-stage renal disease (HR 2.90,
95% CI 1.15 to 6.75), peripheral artery disease (HR 2.20, 95% CI 1.10 to 4.64), and CABG-
SYNTAX score >25 (HR 2.37, 95% CI 1.19 to 5.05) were independent predictors of car-
diovascular death. After creating a composite risk score in consideration of identiﬁed
predictors, the freedom from cardiovascular death at 5 years was 98%, 86%, and 58% in the
low (0 to 1), medium (2), and high (3 to 5) scores, respectively (p <0.001). The area under
the receiver-operating characteristic curve for cardiovascular death for the CABG-
SYNTAX and composite risk scores were 0.66 and 0.77, respectively (p <0.05). In
conclusion, the combination of angiographic and clinical characteristics is useful for risk
stratiﬁcation in patients with previous CABG undergoing PCI.  2016 Elsevier Inc. All
rights reserved. (Am J Cardiol 2016;118:974e979)Although percutaneous coronary intervention (PCI) for
native coronary in patients with previous coronary artery
bypass grafting (CABG) is necessary as an advanced
technique to treat complex lesions, such as bifurcation,
calciﬁcation, and total occlusion,1e5 recent studies have
shown that PCI is feasible for the native coronary artery in
patients with previous CABG, compared with PCI for
bypass graft.5e9 Under these conditions, the angiographic
risk score for the coronary artery has been developed for
the evaluation of anatomical complexities in patients with
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SYNTAX score have demonstrated the importance of
combining the anatomical and clinical factors for risk
stratiﬁcation in patients undergoing coronary
revascularization.11e15 Thus, we hypothesized that the
prediction of outcome in these patients would be reﬁned by
combining the angiographic and clinical factors. However,
few data exist regarding its predictive ability in patients
with previous CABG undergoing PCI. Therefore, the
purpose of our study was to investigate the predictive
ability of the CABG-SYNTAX score on clinical outcome
in patients with previous CABG undergoing PCI.Methods
We reviewed the records of patients with previous CABG
who underwent PCI at 2 institutions from November 2006 to
October 2014. The local Ethics Committee approved the use
of the clinical data for this investigation. The indications for
PCI were symptomatic myocardial ischemia or evidence of a
positive stress test with either electrocardiogram or nuclear
imaging. PCI strategies were determined by the operator for
each case. Postprocedural administration of antiplatelet
therapy has been described elsewhere.16 All patients werewww.ajconline.org
ospital from ClinicalKey.jp by Elsevier on November 26, 2017.
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Table 1
Baseline clinical characteristics
Variable All (n ¼ 272)
Age (years) 70.4  9.7
Men 217 (80%)
Body mass index (kg/m2) 23.9  3.3




Diabetes mellitus 150 (55%)
Total cholesterol (mg/dL) 165  34
Triglyceride (mg/dL) 122  65
High density lipoprotein cholesterol (mg/dL) 44  13
Ever smoke 164 (60%)
Acute myocardial infarction 20 (7%)
Previous myocardial infarction 132 (49%)
Previous percutaneous coronary intervention 132 (49%)
Previous stroke 34 (13%)
Left ventricular ejection fraction (%) 55  15
Estimated glomerular ﬁltration rate (mL/min/1.73m2) 56  25
End-stage renal disease on hemodialysis 28 (10%)
Peripheral artery disease 129 (47%)
Previous implantable cardioverter-deﬁbrillator 8 (3%)
Medication at discharge
Statins 195 (72%)
Beta blockers 108 (40%)





H2 blockers or proton pump inhibitors 218 (80%)
Values are expressed as the mean  SD or n (%).
CABG ¼ coronary artery bypass graft.
Coronary Artery Disease/CABG-SYNTAX Score Versus Composite CABG-SYNTAX Score 975informed about the risks of the procedure and each patient
provided written informed consent.
Left ventricular ejection fraction (EF) was obtained from
transthoracic echocardiography or diagnostic left ven-
triculography. Renal function was expressed as the esti-
mated glomerular ﬁltration rate, calculated using the
Modiﬁcation of Diet in Renal Disease formula, as modiﬁed
for Japanese patients.17 Peripheral arterial disease was
deﬁned as the presence of lower extremity peripheral artery
disease, carotid artery stenosis, or abdominal aortic aneu-
rysm. Lower extremity peripheral artery disease was deﬁned
as an ankle-brachial index <0.9 or a history of endovascular
or surgical revascularization.18 The presence of 50% ca-
rotid stenosis recorded by ultrasonography or a history of
endovascular or surgical revascularization was deﬁned as
carotid artery stenosis. Abdominal aortic aneurysm was
deﬁned as aortic diameter >30 mm or a history of endo-
vascular or surgical repair. The CABG-SYNTAX score was
calculated by determining the SYNTAX score of the native
coronary and deducting points based on the importance of
the diseased coronary segment with a functioning bypass
graft anastomosed distally, as proposed previously.10
The primary end point of this study was cardiovascular
mortality. Clinical information was obtained from a review
of the hospital record or by telephone. Death was regarded
as being of cardiac origin, unless obvious noncardiac causes
could be identiﬁed. Myocardial infarction was deﬁned as an
increase in serum creatine kinase level to more than twice
the upper limit of normal value with an elevated creatine
kinase-MB level.19 Target lesion revascularization (TLR)
was deﬁned as either PCI or CABG for restenosis of the
target lesions that included the proximal and distal edge
segments, as well as the ostium of the side branches asso-
ciated with symptoms or objective signs of ischemia. Stroke
was deﬁned as ischemic or hemorrhagic stroke requiring
hospitalization with symptoms lasting >24 hours. Stent
thrombosis was assessed according to the Academic
Research Consortium deﬁnition.20
Continuous variables were expressed as the mean  SD,
and categorical variables as counts and/or percentage. Cat-
egorical variables were compared using the chi-square test.
Multivariate analyses of independent predictors of cardio-
vascular mortality and TLR were performed using the Cox-
proportional hazard regression model. Variables with p
<0.05 on univariate analysis were selected for the multi-
variate analysis in consideration of potential confounding
variables. Receiver-operating characteristic analysis was
used to estimate the predictive performance of each score.
The area under the receiver-operating characteristic curves
was compared according to the method of DeLong et al.21
Time-to-event variables are presented as KaplaneMeier
estimates and compared using the log-rank test. A proba-
bility of p <0.05 was considered statistically signiﬁcant. All
statistical analyses were performed using JMP Pro, Version
12 (SAS Institute, Cary, North Carolina) and R statistical
software.
Results
During the study period, 279 consecutive patients with
previous CABG underwent PCI. Among these, 7 patientsDownloaded for Anonymous User (n/a) at Kanazawa Cardiovascular H
For personal use only. No other uses without permission. Cwithout diagnostic angiogram available or with poor imag-
ing quality were excluded. Thus, 272 patients (217 men,
mean age: 70.4  9.7 years) were included for further
analysis. The baseline characteristics of the study population
are presented in Table 1. The overall baseline distribution of
the CABG-SYNTAX score is presented in Figure 1. In the
index procedures, PCI for the native coronary accounted for
nearly all patients (88%; Table 2).
The median duration of follow-up for the survivors was
4.1 years (interquartile range: 1.6 to 6.4 years). Complete 1-,
2-, and 4-year follow-up information was obtained for 86%,
76%, and 60% of all patients, respectively. Cardiovascular
deaths occurred in 40 patients, including 15 with congestive
heart failure, 13 with sudden death, one with cerebrovas-
cular disease, one with ruptured aortic aneurysm, and 10 that
were unknown. When the patients were divided into 2
groups according to the median of CABG-SYNTAX score,
the frequency of all-cause death, cardiovascular death, and
myocardial infarction was signiﬁcantly greater in the higher
CABG-SYNTAX score group than in the lower CABG-
SYNTAX score group (Table 3). In the multivariate anal-
ysis, age >75 years, left ventricular EF <40%, end-stage
renal disease on hemodialysis, peripheral artery disease,
and CABG-SYNTAX score >25 were independent pre-
dictors of cardiovascular mortality (Table 4). Baseline
CABG-SYNTAX score was one of the signiﬁcant factors
for TLR in univariate analysis.ospital from ClinicalKey.jp by Elsevier on November 26, 2017.
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Table 2
Angiographic and procedural characteristics
Variable All (n ¼ 272)
CABG-SYNTAX score 26.0  10.2
Patent internal mammary artery to the left
anterior descending
182 (67%)
Number of patent grafts 1.5  0.8
Target coronary narrowing
Left main 83 (31%)
Left anterior descending 60 (22%)
Left circumﬂex 69 (25%)
Right 101 (37%)
At least one graft vessel 33 (12%)
Number of vessels treated per patient 1.3  0.6
Target of chronic total occlusion (native coronary) 35 (13%)
Rotational atherectomy 24 (9%)
B2/C (American College of Cardiology/American
Heart Association lesion classiﬁcation)
166 (61%)
Total numbers of stents per patient 1.8  1.2
Mean stent diameter per patient (mm) 3.0  0.4
Total stent length per patient (mm) 36  26
Drug eluting stent implantation 193 (71%)
Femoral approach 146 (54%)
Total contrast media (mL) 179  71
Angiographic success 259 (95%)
Intravascular ultrasonography use 235 (86%)
Values are expressed as the mean  SD or n (%).
SYNTAX¼ Synergy Between Percutaneous Coronary Intervention With
Taxus and Cardiac Surgery. Other abbreviations as in Table 1.
Figure 1. The distribution of CABG-SYNTAX scores is illustrated. The median CABG-SYNTAX score was 25 (interquartile range: 18 to 33.5).
976 The American Journal of Cardiology (www.ajconline.org)In the present study, we developed new scoring system
using the identiﬁed predictors such as age >75 years, left
ventricular EF <40%, end-stage renal disease on hemodi-
alysis, peripheral artery disease, and CABG-SYNTAX score
>25 (Composite CABG-SYNTAX score). These variables
received 1 point (full score 5). Freedom from cardiovascular
death at 5 years was 94%, and 92%, and 75% in patients
with low, intermediate, and high CABG-SYNTAX score,
respectively (Figure 2). In contrast, stratiﬁcation of patientsDownloaded for Anonymous User (n/a) at Kanazawa Cardiovascular H
For personal use only. No other uses without permission. Cbased on the tertiles of composite CABG-SYNTAX present
yielded 3 signiﬁcantly different estimates for 5-year freedom
from cardiovascular death for low-, intermediate-, high-risk
groups: 98%, 86%, 58%, respectively (Figure 2). The area
under the curve for probability of cardiovascular death for
composite CABG-SYNTAX score was much greater than
the area under the curve for CABG-SYNTAX score alone
(Figure 3).
Discussion
This study provides the following important ﬁndings:
(1) CABG-SYNTAX score was one of the major pre-
dictors of mortality in patients undergoing PCI. (2) Adding
the clinical factor to the CABG-SYNTAX score can
improve the predictive ability for adverse outcome in these
patients.
In this study, the mean CABG-SYNTAX score was
slightly higher than that of a previous study of patients
after CABG.10 Graft patency and stenosis in the native
coronary affect this angiographic system. The interval
from CABG to the coronary angiography was more than
5 years in the present study, thus, the progression of
CABG-SYNTAX score during the long-term after CABG
was not particularly surprising. Although the clinical
utility of calculating the CABG-SYNTAX score to pre-
dict outcome has been reported previously, the present
study extends on these ﬁndings to patients with under-
going PCI.
As shown in the present study, the CABG-SYNTAX
score showed limited ability to discriminate patients at in-
termediate risk from those at low and high, which was
consistent with the previous studies regarding SYNTAX
score.22,23 As the SNYTAX score only reﬂects the coronary
anatomy, its ability to predict prognosis was lower than that
of the risk score reﬂecting both angiographic and clinical
characteristics.11e15 As shown in the present study, com-
bined assessment was applicable to patients with previous
CABG undergoing PCI, particularly in the prediction ofospital from ClinicalKey.jp by Elsevier on November 26, 2017.
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Table 4
Predictors of adverse outcome
Cardiovascular Mortality Target Lesion Revascularization
Univariate Multivariate Univariate Multivariate
HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value
Age (>75 years) 2.87 (1.53e5.46) 0.001 2.82 (1.45e5.52) 0.002 1.21 (0.67e2.12) 0.52
Men 1.99 (0.79e6.66) 0.19 0.61 (0.34e1.16) 0.13
Diabetes mellitus 1.03 (0.55e1.96) 0.93 1.14 (0.66e2.01) 0.65
Acute myocardial infarction 2.55 (0.87e5.97) 0.08 0.32 (0.02e1.46) 0.17
Left ventricular ejection fraction <40% 3.45 (1.68e6.67) 0.001 2.99 (1.39e6.07) 0.006 0.99 (0.38e2.14) 0.98
End-stage renal disease on hemodialysis 4.43 (1.96e9.09) <0.001 2.90 (1.15e6.75) 0.02 3.70 (1.67e7.35) 0.002 2.93 (1.27e6.00) 0.01
Peripheral artery disease 2.99 (1.55e6.13) <0.001 2.20 (1.10e4.64) 0.03 1.75 (1.01e3.05) 0.046 1.32 (0.73e2.39) 0.36
Absence of statin therapy 2.72 (1.45e5.13) 0.002 1.76 (0.88e3.48) 0.11 1.65 (0.93e2.86) 0.09
Absence of beta blockers 0.88 (0.47e1.73) 0.71 0.83 (0.48e1.45) 0.50
Absence of angiotensin converting enzyme
inhibitor/angiotensin receptor blocker
1.60 (0.86e3.00) 0.14 1.03 (0.58e1.78) 0.93
CABG-SNYTAX score >25 3.02 (1.55e6.33) <0.001 2.37 (1.19e5.05) 0.01 1.74 (1.01e3.07) 0.047 1.20 (0.65e2.24) 0.56
PCI for left main 1.35 (0.68e2.55) 0.38 2.11 (1.20e3.64) 0.01 1.81 (0.99e3.28) 0.05
PCI for graft vessel 1.15 (0.39e2.69) 0.78 0.99 (0.38e2.14) 0.98
Rotational atherectomy 1.14 (0.33e2.95) 0.80 3.61 (1.76e6.79) 0.001 2.63 (1.23e5.24) 0.01
Angiographic success 0.38 (0.15e1.26) 0.10 0.69 (0.25e2.84) 0.56
CI ¼ conﬁdence interval; HR ¼ hazard ratio. Other abbreviations as in Tables 1 to 3.
Table 3










All-cause death 51 (19%) 32 (24%) 19 (14%) 0.03
Cardiovascular death 40 (15%) 29 (22%) 11 (8%) 0.001
Non-cardiovascular death 11 (4%) 3 (2%) 8 (6%) 0.14
Myocardial infarction 9 (3%) 8 (6%) 1 (1%) 0.02
Deﬁnite stent thrombosis 2 (1%) 1 (1%) 1 (1%) 0.98
Stroke 20 (7%) 12 (9%) 8 (6%) 0.32
Target lesion revascularization 52 (19%) 31 (23%) 21 (15%) 0.1
Redo CABG 6 (2%) 4 (3%) 2 (2%) 0.38
Abbreviations as in Tables 1 and 2.
Figure 2. KaplaneMeier time-to-event curves stratiﬁed across CABG-SYNTAX score (A) and composite CABG-SYNTAX score (B). Kaplan-Meier survival
curves showing the freedom from cardiovascular death. The numbers of patients at each time point are indicated below the graph. **p <0.001 versus the high-
risk group. †p <0.05, ††p <0.001 versus the intermediate-risk group. zp <0.05, zzp <0.001 versus the low-risk group.
Coronary Artery Disease/CABG-SYNTAX Score Versus Composite CABG-SYNTAX Score 977cardiovascular death. Previous studies have also demon-
strated that age, EF, and renal function were important
factors for both morbidity and mortality after PCI.24Downloaded for Anonymous User (n/a) at Kanazawa Cardiovascular H
For personal use only. No other uses without permission. CRecent studies have shown the importance of peripheral
artery disease in patients undergoing coronary revasculari-
zation.14,15 In the present study, peripheral artery diseaseospital from ClinicalKey.jp by Elsevier on November 26, 2017.
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Figure 3. The receiver-operator characteristic curve for cardiovascular death
according to the CABG-SYTAX and composite CABG-SYNTAX score.
AUC ¼ area under the curve; CI ¼ conﬁdence interval.
978 The American Journal of Cardiology (www.ajconline.org)was an important factor as noted previously. Furthermore,
recent studies have suggested that peripheral artery disease
is related to the atherosclerotic severity of coronary burden
derived by SYTNAX score.25e27
The present study had several limitations. First, this was
a retrospective study. However, the potential remains to
demonstrate that the CABG-SYNTAX score is an inde-
pendent predictor of adverse outcomes in patients with
previous CABG undergoing PCI. Second, this study only
included patients undergoing PCI and did not enroll patients
undergoing redo CABG as a control group. However, dur-
ing the observation period, patients who required repeat
CABG is too small to compare the outcome with the PCI
strata. Finally, this study did not assess the residual ischemic
area after revascularization therapy, which would strongly
affect the outcome of patients with multivessel disease.28
Whether the achievement of complete revascularization
might improve the prognosis for patients with previous
CABG should be investigated in the future study.Disclosures
The authors have no conﬂicts of interest to disclose.
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